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Description 

The present invention relates to new polypropylene compositions having improved impact strength 
properties at low temperatures and to a process for preparing same. 
5 As is known, the isotactic polypropylene is endowed with an exceptional combination of excellent 
properties which render it suitable for a very great number of uses, including appliances at high 
temperatures; however, it exhibits the drawback of possessing an insufficient impact strength at relatively 
tow temperatures. 

Attempts were made to obviate such drawback, without remarkably affecting adversely, however, the 
10 other properties of the polymer, either by properly modifying the synthesis process or by blending with 
rubbers. 9 

The modifications to the synthesis process essentially consist in introducing into the propylene 
stereoregular homopolymerization process one or more steps of copolymerization of ethylene-propylene 
mixtures. 

15 The copolymerization conditions of the ethylene-propylene mixtures are selected in such manner as to 
reduce as much as possible the formation of amorphous ethylene-propylene bipolymer and r on the 
contrary, to enhance the formation of crystalline ethylene-propylene bipolymer besides, ootionallv 
polyethylene, 1 
This for the reason that the amorphous bipolymer Is soluble in hydrocarbon solvents, and In the 

20 polymerization processes conducted In the presence of such solvents the formation of the amorphous 
bipolymer, besides lowering the polypropylene yield, tends to excessively Increase the viscosity of the 
polymerization slurry with ensuing difficulties in the transfer and centrifugation steps of said slurry in order 
to recover the solid polymer. 

In the processes performed In the gas phase the presence of significant amounts of amorphous 

2s polymer tends to increase the tackiness of the solid polymeric phase, which results in the fouling of the 
reactor. 

According to the teachings of the prior art, the presence of meaningful amounts of crystalline 
copolymer is desirable since this results in an Improvement of the Impact strength properties at low 
temperatures without remarkably adversely affecting the optical properties (transparency, etc) and the 
30 mechanical properties. 

Representative processes and compositions of the art are described in US— A— 3,629,368; 3,670,063 
and 3,200,173. 

The impact strength properties at low temperatures of the isotactic polypropylene can be improved by 
adding rubbers, in particular ethylene-propylene rubbers, thereto. 
3$ According to US— A— 3,627,852 it is necessary, however, to incorporate considerably high amounts of 
ethylene-propylene rubber in order to achieve a significant improvement. 

This involves a drastic worsening of the mechanical properties (flexurai rigidity and stability to hiah 
temperatures). * 

Studies accomplished by us allowed to ascertain that the presence of crystalline ethylene-propylene 
4o copolymer and optionally of polyethylene In the polypropylene having a high isotacticity index does not 
contribute to improve the impact strength properties of the polymer; on the contrary, it tends to impair the 
total balance of the properties. 

On the basis of a modei studied by us it appears that the impact strength properties of a polypropylene 
modified with an amorphous ethylene-propylene copolymer substantially depend on the amount and 
45 quality of the copolymer. 

The function of the copolymer seems to be that of absorbing, at least partially, the impact energy in the 
area of graft and propagation of the fracture, with consequent improvement of the Impact strength of the 
system. 

Contrary to any expectation, it has now surprisingly been found that it is possible to operate, in both 
so the continuous and discontinuous processes of synthesis of modified polypropylene comprising at least a 
stereoreguiar homopolymerization step and successively a copolymerization step of ethylene-propylene 
mixtures, under conditions in which the resulting polymer exhibits relatively low values of the ratio 
between total polymerized ethylene and fraction soluble fn xylene at 23°C (consisting of amorphous 
ethylene-propylene copolymer) without the occurrence of the drawbacks exhibited by the processes of the 
ss pnor art 

The impact strength properties at low temperature of the modified polyproplene prepared according to 
the process of this invention are unexpectedly better— the polymerized ethylene being equal-than those 
of similar products obtainable according to the processes of the prior art 

Owing to the relatively low content of total polymerized ethylene necessary to attain significative 
$ o improvements in the impact strength of the Isotactic polypropylene, the mechanical properties of the same 
do not suffer a sensible worsening. 

The compositions of this invention comprise: 

100 parts by weight of polypropylene having an isotacticity index higher than 90, preferably higher 
ss S-25 parts by weight of a fraction (1) soluble in xylene at 23°C, consisting of an amorphous 
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ethylene-propylene copolymer containing from 20 to 80% by weight of ethylene, preferably 40— €0% by 
weight; 

2—10 parts by weight of a fraction (2) consisting of a crystalline ethylene-proyplene copolymer 
containing from 50 to 98% by weight of ethylene, exhibiting a crystallinity of the polyethylene type. 
s The total content of polymerized ethylene ranges from 4 to 20% by weight 

Furthermore, the compositions are characterized in that the ratio (by weight) between total 
polymerized ethylene and fraction soluble in xylene at 23°C (consisting of amorphous ethylene-propylene 
copolymer) is lower than 1 and generally ranges from 0.2 to 0.8. Such ratio increases as the content of 
polymerized ethylene increases. 
to The relatively low values of the above mentioned ratio prove that the robber-like copolymer (1) is 
present in prevailing amounts with respect to the crystalline copolymer. 

Indicatively, we may say that when fraction (1) is present for 13%, fraction (2) is lower than 5% (by 
weight). ' 

The molecular weight of the various components, determined by measurements of the intrinsic 
is viscosity at 135°C, varies as a function of the nature of the components. 

The intrinsic viscosity values for the various components are within the following ranges: 
1—3.5 dl/g for polypropylene; 2—8 dl/g for fraction (1) and 2—15 dl/g for fraction (2). 
A product containing 7% by weight of polymerized ethylene and having the following compositions by 
weight: 



20 



% % by weight <y In! 



polypropylene 86,3 — 1.4 

25 fraction (1) 12.5 -45 2.5 

fraction (2} &2 -38 3.5 
exhibits the following characteristics: 
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Unit Method 



Melt flow rate g/10 min. ASTM D-1238 7.5 

35 Flexural modulus MPa ASTM D-790 1350 

Brittle-ductile transition 
temperature (Ball drop) °C ME-17116 -40 

40 Izod impact test 

on notched bar at +23°C J/m ASTM D-256 142 

on notched bar at 0°C J/m ASTM 0256 78 

45 Distorsion temperature 

(HOT) at 46 N/cm 2 *C ASTM 0-648 95 

The compositions according to this invention are prepared by polymerization processes of propylene 
and ethylene-propylene mixtures of known type comprising at least a steraoregular homopolymerization 

so step of propylene and a successive polymerization step of ethylene and propylene mixtures in which use is 
made of high-yield and high-atereospecificity catalysts comprising a titanium compound carried on a 
magnesium hallde in active form as are defined for example in US— A— 4,226,741 and 4,149,990, in 
DE-^n-2,933,997 and in EP— A-4597 45976 and 45975 (European patent applications 81106301.5; 
81106300.7; 81106299.1). It is operated under conditions In which, in the propylene homopolymerization 

55 step or steps, the polypropylene obtained has an isotacticrty index higher than 90, preferably higher than 
95, and represents 65—90% by weight of the final product, and, in the ethylene propylene copolymerization 
step a crystalline ethylene-propylene copolymer exhibiting a polyethylenic crystallinity and an amorphous 
ethylene-propylene copolymer are obtained in such amounts that, in the final product, the ratio between 
total polymerized ethylene and fraction soluble in xylene at 23°C is lower than 1. 

60 The catalysts preferably employed are the ones described in US A 4,149,990, in DE— A — 2,904,598 
and in E P A 45977, 45976 and 45975 (European Patent Applications 81106301.5; 811063QO.7 and 
81106299.1). 

The catalysts of US A 4 , 149,990 comprise the product obtained by mixing: 
(A) an organometallic A! compound, not containing halogen atoms directly bound to AJ, partially 
66 complexed with an organic electron-donor compound; and 
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(B) a catalyst component prepared by reacting a halogenated TT compound soluble in hydrocarbons 
with an active Mg dihalide obtained by decomposition of an adduct Mg dihalide/electron-donor, the 
electron-donor being NH 3 , an aliphatic or aromatic (thio)alcohol, a phenol, a primary or secondary amine, 
an amide or an aliphatic or aromatic carboxylic acid. 
5 The catalysts of DE— A— -2,904,598 are prepared by mixing: 

(A) an Al-alkyl compound, present for at least 85% in a non-combined form with an electron-donor, in 
an amount corresponding to a molar ratio to the Ti compound of component (S) ranging from t to 30; and 

(B) a catalyst component consisting of a Ti compound and an electron-donor (esters of organic or 
inorganic oxygenated acids, anhydrides, halides and amides of said acids, ethers, ketones) both supported 

to on a Mg dihalide in an active form, the amount of 77 compounds extractabie with TiCl 4 at 80°C being lower 
than 50%. 

The catalysts of BP— A— 45977 (European Pat. Applications 81106301.5) and 81106300.7 are the 
reaction product of: . 

(A) an AF-alkyI compound; 
is (B) a silicon compound containing ah least one Si-OR or Si-OCOR or Si-NR 2 bond, R being a 
hydrocarbyl; 

(C) a Mg dihalide in active form and, supported therein, a Ti halide or a halo-Ti-alcoholate and a 
particular type of electron-donor selected from various classes of esters. 

The catalysts of EP— A— 45975 (European Pat. Appln. 81106299.1) are the reaction product of: 
2D (A) an Al-alkyl compound; 

(8) a silicon compound containing at least one Si-OR or Si-OCOR or ShNR 8 bond, R being a 
hydrocarbyl; 

(C) a Mg dihalide in active form and, supported therein, a Ti halide or a halo-Ti-alcoholate or said Ti 
compound and a silicon compound as defined in (B). 
25 The polymerization processes are conducted either continuously or discontinuousJy according to 
conventional techniques, operating in the liquid phase either In the presence or in the absence of an inert 
hydrocarbon diluent, or in the gas phase, or according to liquid-gas mixed techniques. 

The polymerization process in the liquid phase in the presence of inert hydrocarbon solvents 
(suspension process) includes, if conducted continuously, the honnopofymerization in two steps, either 
30 with or without degassing for recovering the unreacted propylene, and the ethylene-propylene 
copolymerization in a third step. 

The polymeric suspension is centrifuged in order to separate the solvent and to recover the atactic 
polymer dissolved herein. The product is then conveyed to the drying and granulation steps. 

The process in the liquid monomer, If conducted continuously, Includes the homopolymerization of 
35 propylene in one step or in more steps, followed by a copolymerization step of ethylene-propylene in liquid 
propylene. It follows a flash of propylene and other gases with recovery of the monomer and the step of 
drying and granulation of the product. 

The mixed process, if conducted continuously, includes a homopolymerization step of propylene in the 
liquid monomer in one or more steps and the copolymerization of ethylene in a system consisting of a fluid 
40 bed reactor with external recycle of the gases. A finishing and granulation step follows. 

The process in the gas phase, if conducted continuously, comprises a hornpolymerization step of 
propylene in the gas phase in one or more steps and the copolymerization of ethylene in another final step, 
in the gas phase as well. 

The reactors may be either of the fluidized bed type or of the agitated bed type: in any case they are 
45 characterized by the absence of dispersants such as solvents and liquid monomers. It follows a degassing 
step of the polymer from the unconverted monomers and the granulation step. 

The polymerisation process is accomplished in the presence of stereospecific coordination catalysts 
comprising a titanium compound carried on a magnesium halide in active form having e surface area 
larger than 3 m 2 /g and/or having a X-ray spectrum in which the line of maximum intensity appearing in the 
so spectrum of nonactivated magnesium halide is broadened or substituted by a halo. 



Examples 1 and 2 

Two continuous suspension polymerization tests were carried out under the conditions specified in 
ss Table 1. 

The obtained polymers, after finishing and granulation, exhibited the characteristics indicated in said 
table* 

A comparison between the products exemplified in Examples 1 and 2 shows the effect exerted on the 
characteristics by the amount and quality of the ethylene/propylene blpolymer produced. The product of 
so Example 2, although containing a lower amount of total ethylene, shows a balance of characteristics better 
than type 1. 

The catalyst employed in Example 1 was prepared by operating according to Example 1 of 
US— A— 4,226,741. The Al/donor ratio was maintained at such values as to obtain an isotacticity index 
equal to 94 in the 1st homopolymerization step. The catalyst of Example 2 was prepared by operating 
65 according to Example 9 of EP— A-45977 (European patent application 81106301.5). 
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Examples 3 and 4 

in a plant operating continuously according to the mixed liquid-gas polymerization technique, two runs 
were carried out under the conditions specified in Table 2. 

The propylene and the catalyst (in heptane suspension) were fed to a first reactor, wherein the 
5 homopolymerization in liquid propylene was accomplished. The slurry of the first reactor passed to a 
second homopolymerization reactor, which too was operating under conditions in which the 
polymerization was carried out in the liquid monomer. The slurry was then fed, along with a gaseous 
mixture of ethylene and propylene, to a third reactor, in which the copolymerization of ethylene and 
propylene was accomplished in the gas phase. The catalyst utilized in Example 4 was the same of Example 
to 2; the one of Example 3 was obtained by operating according to Example 20 of EP— A— 45977 (European 
patent application No. 81106301.5). 

The polymers obtained after finishing and granulation exhibited the characteristics recorded on Table 

2, 

A comparison between the products of Examples 3 and 4 clearly shows that— the content of 
75 amorphous product being equal—a bipoiymer having an ethylene/propylene composition tending to 50/50 
(Example 3) Imparts to the polymer a combination of properties which are more interesting than those 
obtainable with a polymer in which the ethylene/propylene ratio tends to a value of 20/80 (Example 4). 

Examples 5 and 6 and Comparative Examples 1—2 
20 The tests were conducted in a 1 .3-liter autocalve according to a polymerization process in suspension 
In a solvent (hexane), operating discontinuousiy and in two steps. 

The first step (homopolymerization) comprised the Introduction of propylene and catalyst in a hexane 
suspension. 

The second step (copolymerization) comprised the introduction, Into the same autocalve, after 
25 degassing of the unreacted propylene, of an sthylene-proylene mixture in the desired ratios. After 
degassing of the unreacted monomers, the slurry was centrifuged and the polymer granulated 

Tha conditions employed In the homopolymerization step and in the copolymerization step as well as 
the rigidity and impact strength characteristics of the products are recorded on Table 3. The catalyst 
employed in all examples was prepared by operating according to Example 1 of US— A — 4,226,741 . 
30 Examples 5 and 6 show the beneficial effect, at two melt index levels, of the values lower than 1 of the 
ratio between total polymerized ethylene and fraction soluble in xylene at 23°& In the -comparative 
examples the ratio was maintained at values higher than 1 and the impact strength properties were lower 
than those of Examples 5 and 6 in spite of the higher total ethylene content of the final product 
The determinations according to ME methods indicated In the tables or cited in the description were 
3 5 carried out according to the following modalities: 

ethylene determination (ME 15600) by infrared spectroscopy; 

the polymer fraction soluble in xylene at 23°C (ME 15558) by solubilization of the product in xylene at 
23°C and filtration; 

the brittle-ductile transition temperature (ME 17116) by using a BALL-OROP type instrument and by 
40* taking the temperature at which 50% of the examined test pieces break in a brittle manner; 

the impact energy (ME 17142) by means of a BALL-DROP Instrument with autographic evaluation of 
the Impact energy. 
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Claims 

1, Polypropylene compositions having a high Impact strength at low temperatures comprising the 
following essential components: 

5 100 parts by weight of polypropylene having an isotacticity index higher than 90; 

&— 25 parts by weight of a copolymers fraction (1) soluble in xylene at 23°C consisting of an 
amorphous ethylene-propylene copolymer containing from 20 to 80% by weight of ethylene; 

2—10 parts by weight of a fraction (2) consisting of a crystalline ethylene-propylene copolymer 
exhibiting a polyethylenic crystaliinity, containfng from 50 to 90% by weight of ethylene; 
10 and In which the total content of polymerized ethylene, referred to the weight of polypropylene and of 
fractions (1 ) and (2), ranges from 4 to 20%, the weight ratio of total polymerized ethylene to fraction (1 ) In 
said compositions being lower than 1 and preferably ranging from 0.2 to 0.8, 

2. A process for preparing the compositions as claimed in claim 1, by means of a process for 
polymerizing propylene and ethylene-propylene mixtures carried out either continuously or 

ts dtscontlnuously in consecutive steps comprising at least a step of stereoregular homopolymerization of 
propylene and a step of copolymerizaton of mixtures of ethylene and propylene, said process being 
characterized in that the polymerization is accomplished in the presence of stereospedfic coordination 
catalysts comprising a titanium compound carried on a magnesium hallde in active form having a surface 
area larger than 3 rr^/g and/or having a X-ray spectrum in which the line of maximum intensity appearing in 

20 the spectrum of nonactivated magnesium halide is broadened or substituted by a halo, by operating under 
conditions in which in the homopolymerization step a polypropylene having an isotacticity index higher 
than 90 is obtained In an amount ranging from 65 to 90% by weight of the final product, in the 
copoiymerization step a crystalline ethylene-propylene copolymer exhibiting a polyethylenic crystaliinity 
and an amorphous ethylene-propylene copolymer extractable with xylene at 23°C are obtained In such 

25 amounts that the weight ratio of the total polymerized ethylene to said amorphous ethylene-propylene 
copolymer is lower than 1 , and the total content of polymerized ethylene in the final product ranges from 4 

. to 20% by weight, - 



30 Patentanspruche 

1. Polypropylenzusammensetzungen mit einer hohen Schiagzdhigkeit bei niedrigen Temperaturen 
umfassend die folgenden wesentlichen Bestandteile: 

100 Gew. Teile Polypropyien mit einem Isotaktizitatsindax von hfcher als 90; 
35 8 bis 25 Gew. Teile einer Copolymerfraktion (1), die in Xylol bei 23°C fdslich 1st, bestehend aus einem 
amorphen Athylen-Propylencopolymer mit einem Gehalt von 20 bis 80 Gew.% Athylen, 

2 bis 10 Gew. Teilen einer Fraktton (2) bestehend aus einem kristallinen Athylen-Propylencopolymer, 
das eine polyathylenische KristallinitSt zeigt, mit einem Gehalt von 50 bis 90 Gew.% Athylen; 

und in welchen der Gesamtgehalt an polymerisiertem Athylen, bezogen auf das Gewicht des 
40 Polypropylens und der Fraktlonen (1) und (2) 4 bis 20% ausmacht und das Gewichtsverhfiltnis des 
gesamten polymerisierten Athytens zur Fraktion <1) in den genannten Zusammensetzungen niedriger als 1 
1st und vorzugsweise 0,2 bis 0,8 betrSgt 

2. Verfahren zum Herstellen von Zusammensetzungen, wie in Anspruch 1 beansprucht, mittels eines 
Verfahrens zum Polymerisieren von Propylen und Athyien-Propylenmischungen, des entweder 

45 koninuierlfch Oder dtskontinuierlich in aufeinanderfolgenden Schritten durchgefQhrt wird und zumindest 
einen Schritt der stereoregularen Homopolymerisation von Propylen und einen Schritt der 
Copolymerisatlon von Mischungen von Athylen und Propylen umfaSt, welches Verfahren dadurch 
gekennzeichnet ist, daB die Polymerisation in Anwesenhett von stereospezrfischen 
Coordlnationskatalysatoren umfassend eine Titanverbindung auf einem Magnesiumhalogenid in aktiver 

so Form mit einem Oberflachenbereich von grdBer als 3 mVg und/oder mit einem Rontgenspektrum, in dem 
die Linie der maxlmalen Intensity, die im Spektrum von nlchtaxtlviertem Magnesiumhalogenid erscheint 
verbreitert Oder durch einen Lichthof ersetzt Ist, durchgefuhrt wird, wobei unter Bedingungen gearbeitet 
wird, unter welchen im Homopolymerisationsschritt ein Polypropyien mit einem Isotaktizitdtsindex von 
hdher als 90 in einem Anteii von 65 bis 90 Gew.% des Endproduktes erhalten wird und im 

55 Copolymerisationsschritt ein kristallines Athylen-Propylencopolymer, das eine polyathylenische 
Kristalltnitat zeigt, und ein amorphes Athylen-Propylencopolymer, das mit Xylol bei 23°C extrahierbar ist, in 
solchen Anteilen erhalten werden, daB des Gewichtsverhdltnrs des gesamten polymerisierten Athylens 
zum amorphen Athylen-Propylencopolymer niedriger als 1 1st und der Gesamtgehalt an polymerisiertem 
Athylen im Endprodukt 4 bis 20 Gew.% betragt. 

so 

Revendlcations 

1. Compositions de polypropylene presentant une resistance 6lev6e aux chocs aux basses 
temperatures, comprenant les composants esseniels suivants: 
65 100 parties en poids de polypropylene dont rindice dlsotactictte est sup6rieur a 90, 
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de 8 a 25 parties en poi'ds d'une fraction de copolymdre (1) soluble dans le xylene d 23°C cQnstituse 
d'un copolymere ethylene/propylene amorphe contenant de 20 £ 80% en poids d'ethytene; 

de 2 1 10 parties en poids d'une fraction (2) constitute d'un copolymere ethylene/propylene cristallin 
presentant une cnstallinrte poly6thyienique contenant de 50 & 90% an poids d'6thyldne; 
5 et dans lesquels la teneur totale en ethylene polymerise, rapportee au poids de polypropylene et des 
fractions (1) et (2), est comprise entre 4 at 20%, Id rapport pondSral de I'dthyldne polymerise totat a la 
fraction (1) dans ces compositions etant lnf6rieur & 1 et etant de preference compris entre 0,2 et 0,8. 

2. Un precede de preparation des competitions selon la revendication 1, au moyen d'un precede de 
polymerisation du propylene et de melange ethytene/propyfene mis en oeuvre soit en continu, soit en 
to discontinu dans des Stapes ccns£cut(ves comprenant au moins une etape d'homopolymerisatfon 
ster6oreguliere de propylene et une etape de copolymerisation de melanges d'ethyiene et de propylene, ce 
procede 6tant caracterise en ce que la polymerisation est effectuee en presence de catalyseurs de 
coordination &t£r6osp£ciflque comprenasnt un derive du titans supporte sur un halog6nure de magnesium 
sous sa forme active, presentant une surface speeffique superieure £ 3 m a /g et/ou presentant un spectre 
75 aux rayons X dans lequei [a rale <f mtensite maximum apparaissant dans le spectre de I'halogenure de 
magnesium non active est eiargie ou substituee par un ha!o, en operant dans les conditions dans 
lesquelles, dans I'etape d'hornopotymerisation, on obtient un polypropylene dont ('Indies d'lsotactfcite soit 
superieur a 90, en quantite comprise entre 65 et 90% en poids du produit final, dans I'etape de 
copolymerisation, on obtient un copolymers ethylene/propylene cristallin presentant une cristallTnite 
20 poiyethyienique et un copolym6re ethylene/propylene amorphe susceptible d'etre extrait au xyldne a 23°C 
en quantrtee telles que le rapport pond6ral de ('ethylene polymerise totaf a ce copolymere ethylene/ 
propylene amorphe soit inf6rieur & 1, et la teneur totale en ethylene polymerise dans le produit final soit 
comprise entre 4 et 20% en poids. 
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